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Abstract

The pathogenicity of Actinobacillus suis serotypes O1/K1 (strain SO4), O1/K2 (strain C84), and O2/K2 (strain H91-0380) was
evaluated in specific-pathogen-free (SPF) piglets challenged by intraperitoneal inoculation with approximately 1 X 107
colony-forming units per mL. All 3 strains produced peritonitis, but differences were observed in the composite histopatho-
logic scores (P = 0.001) and in their ability to spread (P = 0.008) at 7 h post challenge. The O2/K2 strain caused the most severe
peritonitis and disseminated most widely to other tissues. Moderate lesions were seen with the O1/K2 strain while the
O1/K1 strain caused mild lesions and remained largely localized to the peritoneum. In an attempt to explain the basis of observed
differences, the serum sensitivity of 9 A. suis strains with different O and K types was assessed. Regardless of the O/K type,
all of the isolates tested were serum resistant. Moreover, most A. suis isolates grew as well or better in complement-replete sera
as they did in complement-depleted sera. These observations indicate that although O2 and K2 strains had a greater propen-
sity to cause a disseminating septic inflammatory response in pigs, they were no more resistant to complement-mediated killing
than O1 strains.

Resume

La pathogénicité des sérotypes O1/K1 (souche SO4), O1/K2 (souche C84) et O2/K2 (souche H91-0380) d’ Actinobacillus suis fut évaluée
par inoculation intra-péritonéale d’environ 1 X 10 bactéries a des porcs exempts de micro-organismes pathogénes spécifiques. Une péri-
tonite fut causée par les trois souches mais des différences furent notées au niveau du pointage des lésions histopathologiques (P = 0,001)
ainsi qu’au niveau de la capacité de dissémination 7 h aprés I'inoculation (P = 0,008). Les Iésions les plus sévéres de péritonite et la plus
grande capacité de dissémination furent obtenues avec la souche O2/K2. Des lésions modérées furent observées avec la souche O1/K2, alors
qu’avec la souche O1/K1 les Iésions n'étaient que légeres et limitées au péritoine. Afin d’essayer d'expliquer I'origine des différences observées,
la sensibilité au sérum de neuf souches d’A. suis de différents types O et K fut évaluée. Tous les isolats éprouvés se sont avérés résistants
au sérum, indépendamment de leur type O/K. De plus, la croissance de la plupart des isolats d’A. suis fut aussi bonne sinon meilleure dans
du sérum réalimenté en complément que dans du sérum dépourvu de complément. Ces observations indiquent que malgré le fait que les souches
02 et K2 aient une plus grande tendance a causer une réaction inflammatoire septique disséminante chez les porcs, elles ne sont pas plus
résistantes que les souches du type O1 a une destruction médiée par le complément.

(Traduit par le docteur Serge Messier)

Although early studies suggested that A. suis isolates from
Canada were homogeneous (10,11), recent work has shown that at
least 2 serologically distinct groups of cell surface antigens exist:

Actinobacillus suis is an important gram-negative pathogen of
high health status swine herds. Various clinical conditions have been
associated with A. suis infection including septicemia, pneumonia,
arthritis, metritis, endocarditis, and erysipelas-like lesions on skin
(1-5). In initial reports, A. suis was most often described as a
causative agent of septicemic disease in very young pigs (6). In recent
years, A. suis has been reported more often in grower/finisher
pigs, animals previously thought to be relatively resistant to this
organism (7,8). The susceptibility of these older animals in high
health herds is presumably due to differences in specific and cross-
reactive immunity and to the lower levels of induction of their
innate defense systems (9).

O1/K1-reactive and O2/K3-reactive. More than 95% of A. suis
clinical isolates are cross-reactive with O1/K1 or O2/K3 antiserum
(12). In a large study that included a limited number of A. suis
isolates from healthy pigs, all were found to be O1/Kl-reactive,
whereas more than 80% of the A. suis strains submitted for bacterin
production (and presumed to be the causative agents of severe
disease) were O2/K3-reactive. The O-side chain of O1 antigen is a
homopolymer of [6)-B-D-Glc-(1-6)-B-D-Glc-(1—-] while the O2 anti-
gen has a tetrasaccharide backbone of Gal-Glc-Gal-GlcNAc
(M. Monteiro, personal communication). Most of the O1 strains
analyzed to date also have [—6)-B-D-Glc-(1-6)-B-D-Glc-(1—] in
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their capsular polysaccharide (CPS) (M. Monteiro, personal com-
munication). Although (1—6)-B-D-glucan, also called pustulan,
has not been reported in other prokaryotes, it is a major component
of fungal and lichen cell walls (13-15). As a result, many animals
have antibodies to this polysaccharide in the absence of exposure to
A. suis (12). In contrast, 2 different CPS, both containing significant
amounts of sialic acid, have been found in association with A. suis
02 strains (M. Monteiro, personal communication). Sialic acid is pres-
ent in the capsules of various septicemic bacterial pathogens such
as Escherichia coli, Klebsiella pneumoniae, and Streptococcus suis and is
known to be a poor immunogen (16-18). Given the epidemiological
data and differences in cell surface antigenicity, we hypothesized that
A. suis O2-containing strains are more virulent than Ol-containing
isolates.

Bacterial strains and growth conditions

Three strains were used for the challenge studies. Actinobacillus
suis SO4 was isolated from a healthy pig in a herd with active A. suis
disease at the time of isolation. Strain SO4 is an O1/K1 strain with
both CPS and LPS composed of [—6)-B-D-Glc-(1—6)-B-D-Glc-(1-]
(M. Monteiro, personal communication). Strain H91-0380 origi-
nated from a septicemic pig. It is an O2 (Gal-Glc-Gal-GlcNAc), K2
(sialic acid-containing) strain. Actinobacillus suis C84 was recovered
from a healthy pig at slaughter and is an O1/K2 strain. The growth
rate, hemolysin production (19), and protein profiles (20) of these
strains were evaluated and, by these criteria, the 3 strains are
identical.

For the serum resistance studies, 6 additional A. suis isolates
were used: B49 (O1/K1), ATCC 15557 (O1/K1), H89-1173 (O2/K3),
H91-0406 (O2/K3-reactive), VSB 3714 (rough/K?), and Q95-8196
(untypable). The sources of these strains and serotype characteris-
tics have been described previously (11,12). The 2 bovine fecal
Escherichia coli isolates, 2204F and 2463F, used as controls in these
experiments were the generous gift of C. L. Gyles, University of
Guelph. Escherichia coli 2204F is serum-sensitive while E. coli 2463F
is serum-resistant, although the basis of these different serum-
sensitive phenotypes is not known (21). Bacterial cultures were
routinely grown on blood agar plates and incubated for 18 h at 37°C
in an atmosphere of 5% CO,. For preparation of the challenge inoc-
ula, cells were washed off heavily streaked plates in 5 mL of phos-
phate-buffered saline (PBS), harvested by centrifugation (27 000 X g,
5 min, 4°C), and resuspended in PBS to an optical density at 650 nm
(OD,,) of 0.3. This suspension was diluted 10-fold to a final con-
centration of approximately 107 colony-forming units per mL
(cfu/mL). To reduce bacterial mortality, the inoculum was kept on
ice until used. The viable cell concentration of the inoculum was
determined by plate counting (22).

Animals

Twenty-four, 3-week-old castrated male Yorkshire-cross piglets
were used in this study. The animals were obtained from a com-
mercial specific-pathogen-free (SPF) herd that had no history of
Actinobacillus suis and/or A. pleuropneumoniae infection. Upon

arrival, the pigs were weighed, ear-tagged, and throat swabs were
collected. After an acclimatization period of 3 d, blood samples were
collected from the retro-orbital sinus into a sterile Vacutainer tube
(Becton-Dickinson Canada, Mississauga, Ontario) using a 16-gauge
needle. The blood was allowed to clot at room temperature prior to
centrifugation at 800 X g for 15 min (GLC-1 centrifuge, Sorvall,
Du Pont Canada Inc., Mississauga, Ontario). Aliquots (1 mL) of
serum were stored frozen at —20°C. All sera were tested for the pres-
ence of hemolysin antibodies using an ELISA to ApxI and ApxII from
A. pleuropneumoniae (23). Based on sequencing and immunological
studies, these toxins are virtually identical to ApxI,, . and
ApxII,, ... (11). In addition, sera were tested for O1/K1 and O2/K3
antibodies by immunoblotting. While all pigs showed a positive reac-
tion to hemolysin, there were no antibodies to either O1/K1- or
02/K3-reactive antigens or to serotypes 1, 5, or 7 CPS of A. pleu-
ropneumoniae. In addition, no A. suis or A. pleuropneumoniae-like
colonies were cultured from the throat swabs of piglets prior to the
challenge, so the source of these cross-reactive antibodies is not
known at this time. Regardless, the presence of these antibodies did
not seem to effect the outcome of these challenges as similar results
were obtained in 4 pilot studies with antibody-negative animals.

Challenge procedures

Various doses and routes of infection were evaluated in pre-
liminary studies. From these experiments it was found that systemic
A. suis disease could be reproduced by intraperitoneal (IP) injection
of relatively high numbers of the bacteria. As this challenge system
produced acute disease, the severity of infection and early patho-
logical responses were evaluated by examining the spread of the
organism within the animal and the gross and histopathologic
changes 7 h post infection. For the challenge, piglets were ran-
domly assigned to 3 test groups of 7 piglets each and a control
group of 3 piglets. One mL of bacterial suspension (1 X 107 cfu/mL)
was added to 2 mL of PBS and injected IP using a 21-gauge needle.
Control animals received 3 mL of PBS. All animal work was done in
accordance with recommendations of the Canadian Council on
Animal Care.

Histopathologic and bacteriologic examination

Approximately 7 h post infection, animals were euthanized by
intravenous (IV) injection of pentobarbital sodium (Euthansol;
Schering Canada Inc., Pointe-Claire, Québec). At necropsy, the
amount of peritoneal fluid was measured and all animals were
examined for gross pathological lesions. Swabs of the peritoneum,
pleura, pericardium, heart, stifle joint, and hock joint were taken with
sterile rayon-tipped swabs (Culturette, Becton-Dickinson) and
streaked directly onto blood agar plates. Liver, spleen, lung, heart,
kidney, peribronchial lymph node, enteric lymph node, and inguinal
lymph node were collected and further processed for bacterio-
logic culture. The surface of each tissue was seared and opened with
a sterile blade then a swab was taken and plated on blood agar.
Bacterial growth was from 0 to 4, where 0 was no growth, 1 was <50
colonies, 2 was approximately 50-100 colonies, 3 was > 100 colonies,
and 4 was confluent growth.

Tissue samples were taken from stomach, duodenum, spiral
colon, omentum, and mesentery for histopathologic examination.

82 The Canadian Journal of Veterinary Research



16
14 =

‘ ' 01/K2 ; 02/K2

control 01K1

Figure 1. Mean total histopathologic score of all tissues from pigs challenged
with different Actinobacillus suls strains. Error bars indicate standard devi-
ation. Scores were derived by adding individual scores (0 to 3) for omen-
tum, gastric serosa, splenic mesentery, colonic serosa, mesentery, and the
presence of bacterial clumps. Maximum score = 18. Number of animals (n)
in each group was 7, except for the control group, where n = 3. The observed
linear trend was significant (P = 0.001).
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These specimens were fixed in 10% buffered formalin, embedded in
paraffin, sectioned (5 pm), and stained with hematoxylin and
eosin. Histological samples of the different tissues were scored
blindly on a scale of 0 to 3 with 0 for normal, 1 for mild, 2 for
moderate, and 3 for severe histopathologic changes. The presence
and size of bacterial clumps in these specimens were also evaluated.

Serum killing assay

A modification of the method of Taylor was used to measure
serum resistance (24). Five mL of Mueller-Hinton (MH) broth was
inoculated with 3 colonies from blood agar plates and grown to
ODy,, of 1.0. Five hundred pL of this bacterial suspension was
subcultured in 10 mL of pre-warmed MH broth and grown to mid-
log phase (OD,,, = 0.5). Cells were harvested from 1 mL of this sus-
pension in a microcentrifuge (27 000 X g, 2 min, 20°C). The cell pel-
lets were washed once in buffered saline-gelatin (BSG), pH 7.35, spun
again, and suspended in BSG to a concentration of 3 X 105 cells/mL,
as determined from previous growth curve experiments. Buffered
saline-gelatin contains 8.5 g NaCl, 0.3 g KH,PO,, 0.6 g NaHPO,,
10 mL 1% gelatin and 990 mL H,O (25). Blood was obtained from
3 clinically healthy 4-week-old SPF pigs from the University of
Guelph Research Station at Arkell. Samples were immediately
placed on ice and allowed to clot for 1.5 h. Sera were then col-
lected by centrifugation at 800 X g for 15 min at 4°C (GLC-1 cen-
trifuge), pooled, aliquoted, and stored at —70°C. As demonstrated
by immunoblotting, these antisera contained antibodies to pure
A. suis O1 and O2 lipopolysaccharides. The pooled sera were used
within 3 wk. Immediately before use, individual aliquots were
thawed on ice. For each experiment, one aliquot of serum was
heat-treated (56°C, 30 min) in order to inactivate both the alterna-
tive and the classical complement pathways (heat-inactivated; HI),
one was chemically treated (EGTA and MgCl,; final concentra-
tions of 10 mM) to inactivate the classical complement pathway only
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Figure 2. Mean total histopathologic score of individual tissues. 1 — omen-
tum (P = 0.01); 2 — gastric serosa (P = 0.04); 3 — splenic mesentery
(P =0.01); 4 — colonic serosa (P = 0.003); 5 — mesentery (P = 0.0002);
and 6 — presence of bacterial clumps (P = 0.06). Error bars Indicate stan-
dard deviation. P values are shown for the observed linear trends. Number
of animals (n) in each group was 7, except for the control group, where
n=3.

Table I. Number of Actinobacillus suis used in challenge
experiments and the volume of peritoneal fluid at euthanasia

Challenge dose Peritoneal fluid

Group (cfu/mL) mean £ SD (mL)
PBS — 1.2+1.0
01/K1 (A. suis S04) 1.5 X 107 15.6 +12.8
01/K2 (A. suis C84) 9.0 X 108 33.4+29.1
02/K2 (A. suis H91-0380) 6.9 X 108 34.0+26.5

cfu — colony-forming units; PBS — phosphate-buffered saline;
SD — standard deviation

(classical complement pathway inactivated; CPI) and the third
aliquot was left untreated (normal; N).

To measure serum resistance, 125 pL of bacterial suspension
(3 X 10° cells/mL) was added to 250 wL of N, HI, or CPI sera and
incubated with agitation (50 rpm) at 37°C for 3 h. Twenty-pL sam-
ples were taken from each tube at 0, 1, 2, and 3 h and serially
diluted in 180 pL of BSG. Two 10-pL aliquots of the 1072 to 1077
dilutions were then spotted on BHI plates, incubated overnight, and
the colonies counted. Percentage viability at each time point was cal-
culated as number of surviving organisms divided by the initial
count X 100%. To determine the error associated with these per-
centages, the standard error of the mean cfu/mL was transformed
to reflect the error associated with the % viability (% of the standard
error of the mean = standard error of the mean at a certain time
point X 100/initial cfu per mL). All strains of A. suis were assayed
independently at least 3 times in duplicate. Escherichia coli 2204F and
2463F were always assayed in parallel.

Statistical analysis

The challenge experiment data were analyzed using the ran-
dom permutation tests, which are analogous to the analysis of
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Figure 3. Mean total bacteriologic score of tissues from pigs challenged
with different Actinobacillus suis strains. Error bars indicated standard devi-
ation. Scores were derived by adding individual scores (0 to 4) for the 14 dif-
ferent sites (see Materials and methods). Maximum score = 56. The
observed linear trend was significant (P = 0.008). Number of animals (n)
in each group was 7, except for the control group, where n = 3.

variance (ANOVA) test. For this analysis, the strains were first
ordered in the pre-planned sequences: control, O1/K1, O1/K2,
and O2/K2 and then a general contrast analysis for each outcome
of interest was done (26). Data from serum killing assays were
analyzed using PROC GLM (SAS v6.12, SAS Institute, Cary, North
Carolina, USA). These data were first transformed to log,, and
then fitted to the log,, (CNH) = B, + B,T + B,T2

Clinical and pathologic observations

Pigs were challenged with approximately 1 X 107 cfu of the dif-
ferent A. suis strains by the IP route (Table I). Depression, vomiting,
and weakness were observed 2 to 3 h after infection. At necropsy,
a large amount of opaque, serous to serosanguineous fluid was pres-
ent in the peritoneal cavities of pigs infected with serotypes O2/K2
(34 + 26.5 mL) and O1/K2 (33.4 + 29.1 mL). Less fluid (15.6 +
12.8 mL) was found in the animals inoculated with A. suis O1/K1.
The linear trend observed was significant (P = 0.03) (Table I). The
most marked gross pathologic changes were observed on serosal sur-
face of the spiral colon and included pronounced edema with
clumps of fibrin loosely adherent to the tissue surface. In addi-
tion, petechial to ecchymotic hemorrhages were present on the
serosal surface of the entire colon. The control animals were grossly
normal.

Histopathologic examination

The most prominent histopathologic changes were observed on
the omentum, mesentery, and serosal surfaces of abdominal organs.
In contrast to tissues from control animals, large numbers of neu-
trophils and macrophages, extensive fibrin aggregates, patchy
hemorrhages, and cellular debris were present in tissues of the
A. suis-challenged animals. Clumps of rod-shaped bacteria embed-
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Figure 4. Mean total bacteriologic score of tissues from pigs challenged
with different Actinobacillus suis strains. 1 — peritoneum (P = 0.03);
2 — spleen (P = 0.01); and 3 — peribronchial lymph node (P = 0.06). Error
bars indicate standard deviation. P values are shown for the observed lin-
ear trends. Number of animals (n) in each group was 7, except for the con-
trol group where n = 3.

ded in the fibrin aggregates were also seen. Depending on the A. suis
strain, these histopathologic findings varied in severity. The mean
histopathologic score for all tissues in each challenge group is
shown in Figure 1. The mean scores for individual tissues are
shown in Figure 2. While there was no change observed in tissues
of the pigs in the control group, animals inoculated with the O2/K2
strain had marked, diffuse peritonitis (mean total score of 9.5)
(Figure 1). The intensity of peritonitis was less severe in the pigs
infected with the O1/K2 strain (mean total score of 7.9) and in the
pigs inoculated with the O1/K1 isolate (mean total score of 5.8). The
observed linear trend was significant (P = 0.001). Histopathologic
changes in animals challenged with the O2/K2 strain were most
prominent in the gastric serosa, splenic mesentery, colonic serosa,
and mesentery (Figure 2). Severe lesions on omentum and the
presence of bacterial clumps were observed following challenge with
the A. suis O1/K2 isolate, whereas histopathologic lesions in the
0O1/Kl-infected group were otherwise mild, except in the mesentery
where they were moderate. There were significant linear trends
observed for the gastric serosa (P = 0.04), splenic mesentery
(P = 0.01), colonic serosa (P = 0.003), mesentery (P = 0.0002), and
omentum (P = 0.01), but not for the presence of bacterial clumps
(P =0.06).

Bacteriologic examination

Tissues were either sterile or yielded pure cultures of A. suis. The
mean total bacteriological scores of all tissues are shown in Figure 3.
A strong linear trend was seen (P = 0.008). Actinobacillus suis O2/K2
was recovered from tissues with the highest frequency followed by
the O1/K2 and O1/K1 strains. The ability of the different strains to
spread through the tissues was assessed by examining 3 distinct sites:
peritoneum, spleen, and peribronchial lymph node (Figure 4).
While a significant linear trend in the isolation rate of different
serotypes was seen in peritoneum (P = 0.03) and spleen (P = 0.01),
differences observed for peribronchial lymph nodes were not sta-
tistically significant (P = 0.06). The A. suis O2/K2 strain, however,
was recovered with higher frequency from peribronchial lymph
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Figure 5. Resistance of (A) Escherichia coli 2204F (B) Actinobacillus suis ATCC 15557 (01/K1), (C) S04 (01/K1), (D) C84 (01/K2), (E) H91-0380 (02/K2),

and (F) VSB 3714 (rough/K?) to killing with 50% normal (N) sera, 50% heat-inactivated (HI) sera, and with 50% classical pathway-inactivated (CPI) sera.
Error bars indicate % of the standard error of the mean.

nodes compared with O1/K2 isolate. Only low numbers of A. suis

The results are shown as % viability (Figure 5). All A. suis strains
504 (01/K1) were recovered from these 3 sites.

grew well in N sera over a period of 3 h with the exception of
— ATCC 15557 (O1/K1), which showed an initial decrease (75%) in via-
Serum killing assays bility (Figure 5B). The viability of ATCC 15557 in N sera did, how-
ever, increase at the end of the incubation period. In general, A. suis
strains grew more slowly in HI and CPI sera than in N sera. The

Serum killing assays were performed on 9 strains with N (normal),
HI (heat-inactivated), and CPI (classical pathway inactivated) sera.
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growth of ATCC 15557 was completely inhibited in CPI sera
(Figure 5B) while the same sera promoted the growth of VSB 3714
(Figure 5F). Significant quadratic effects were observed with A. suis
H89-1173 (P < 0.0001; data not shown), H91-0406 (P = 0.02; data not
shown), VSB 3714 (P = 0.01; Figure 5F), and Q95-8196 (P = 0.008; data
not shown), but not with SO4 (P = 0.49; Figure 5C), B49 (P = 0.96;
data not shown), ATCC 15557 (P = 0.23; Figure 5B), C84 (P = 0.42;
Figure 5D), and H91-0380 (P = 0.32; Figure 5E). The positive control
strain E. coli 2463F also grew better in N sera than HI or CPI sera
(data not shown). The negative control strain E. coli 2204F was
fully sensitive to serum killing with less than 2.5% survival after 1 h
of incubation (Figure 5A).

In this study, the pathogenic potential of 3 different serotypes of
A. suis was studied by IP challenge. As in naturally occurring A. suis
disease, the sudden onset of the clinical signs (2 to 3 h post infection)
was the most striking characteristic of the experimentally-reproduced
disease. These results were similar to those of Mair et al, in which
they found 2 of their 3 A. suis isolates caused severe disease in
13-day-old piglets when 1 mL of 108 organisms was injected by the
IP route (27).

No marked differences in gross pathology were observed when
the 3 strains were compared. This was not surprising since animals
were euthanized only 7 h post infection. Acute peritonitis, charac-
terized by a large amount of serous to serofibrinous fluid and fib-
rin, was the predominant feature. The average amount of peri-
toneal fluid was markedly increased in pigs infected with the A. suis
02/K2 or O1/K2 strain. On the basis of the mean histopathologic
score of all tissues, a marked linear trend was seen. The serotype
02/K2 strain was most pathogenic followed by the O1/K2 and the
O1/K1 strains, respectively. Similar trends were seen when omen-
tum, gastric serosa, splenic mesentery, colonic serosa, and mesen-
tery were considered separately. Similarly, on the basis of the bac-
teriologic scores, the O2/K2 strain also showed enhanced virulence
followed by the O1/K2 while the O1/K1 strain was the least viru-
lent. Significant trends were also observed in the ability of the
02/K2 strain to disseminate throughout the peritoneum and to the
spleen. A marginally insignificant trend was observed for spread to
peribronchial lymph nodes.

These experiments suggest that although O1/K1 and O1/K2
strains were isolates from the clinically “healthy” pigs, they both
have a potential to cause disease. This finding has an important epi-
demiological implication, since it points to the possible role of
asymptomatic animals in introducing A. suis disease into high
health status herds. It also emphasizes the need to develop a simple
serodiagnostic test to A. suis-infected animals.

The role of O and K types in the virulence potential of A. suis was
further assessed in serum-mediated killing assays. While in most
gram-negative bacteria the length, distribution, and structure of the
O-polysaccharide chain of smooth LPS type determines the degree
of serum resistance (28,29) in some, capsule can also contribute
(30,31). However, the protective role of cell surface antigens in
serum resistance may, in some instances, be overcome by the pres-
eence of specific antibodies to the same components due to activation

of the classical complement pathway (29). Although the swine
sera used in the study were obtained from a herd seropositive for
both O antigens of the A. suis strains tested, all of the A. suis strains
tested grew in N sera. Moreover, N sera appeared to enhance the
growth of the majority of A. suis tested compared with CPI and HI
sera, although not always to a significant extent. This result suggests
the presence of heat- and/or metal-labile growth factor(s) in serum
that influence the growth rate of A. suis. Similar findings have
been reported for A. pleuropneumoniae which also exhibits better
growth in N than in HI sera (32) and is resistant to complement-
mediated killing, even in the presence of specific antibodies to
either CPS or LPS (33). The capsule of A. pleuropneumoniae and
anti-LPS blocking antibodies in N sera have been suggested to
contribute to serum resistance in this pathogen limiting the amount
of C9 to bind to the surface of A. pleuropneumoniae (33). Whether the
similar mechanisms contribute to serum resistance of A. suis remains
to be established. Although A. suis ATCC 15557 has the same CPS
and LPS types as A. suis S04, it did not grow in CPI sera and
exhibited a slight decrease in viable number when grown in N
sera. These results suggest that EGTA may deplete component(s)
required for the growth of this strain and that the ATCC 15557
strain is less serum-resistant than most A. suis strains. These
changes may have been the result of repeated passages on artificial
media over the years, but exact differences between strain ATCC
15557 and other O1 strains are unknown.

Taken together, these data are consistent with the hypothesis that
02 strains of A. suis may be more virulent than O1 strains and
also point to a role for CPS in the resulting inflammatory response.
These studies, however, assessed the attributes of virulence that man-
ifested after inoculation rather than attributes that may favor inva-
sion from a mucosal surface. Because of the small number of isolates
feasible to investigate in challenge experiments, future work is
required to determine whether there are additional serotype-
virulence factor(s) and the precise reason for the observed differences
in virulence. Based on these studies, the observed differences are not
due to different degrees of serum sensitivity.

The authors would like to thank Lj. Slavi¢ and S.B. Watson for
assistance with animals, and W.C. Sears and ].B. Wilson for assistance
with statistical analyses. This work was supported by the Natural
Sciences and Engineering Research Council of Canada, the Ontario
Ministry of Agriculture and Rural Affairs, and Ontario Pork. B. Slavi¢
was a recipient of an Agriculture and Agri-food Canada Scholarship.

1. Sanford SE, Miniats OP. Actinobacillus suis septicemia mim-
icking erysipelas in pigs. Can Vet ] 1988;29:595.

2. Miniats OP, Spinato MT, Sanford SE. Actinobacillus suis sep-
ticemia in mature swine. Two outbreaks resembling erysipelas.
Can Vet ] 1989;30:943-94.

3. Sanford SE. Actinobacillus suis. In: Leman AD, Straw BE,
Mengeling WL, d’Allaire S, Taylor DJ, eds. Diseases of Swine.
Ames: Jowa State University Press, 1992:633-636.

86 The Canadian Journal of Veterinary Research



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Fenwick BW. An overview of Actinobacillus suis as an emerging

disease. Proc Am Assoc Swine Pract 1997:467—470.

. Sanford SE. Actinobacillus pleuropneumoniae pneumonia and

A. suis: an update. Proc Am Assoc Swine Pract 1998:357-360.

. Sanford SE. Actinobacillus suis septicemia in piglets. Can Vet ]

1987;28:654.

. Sanford SE, Josephson GKA, Rehmtulla AJ, Tilker AME.

Actinobacillus suis infection in pigs in southwestern Ontario. Can
Vet ] 1990;31:443-447.

. Yaeger MJ. An outbreak of Actinobacillus suis septicemia in

grow/finish pigs. ] Vet Diagn Invest 1996;8:381-383.

. Patrick S, Larkin MJ. Immunological and molecular aspects of

bacterial virulence. Toronto: Wiley & Sons, 1995.

Bada R, Mittal KR, Higgins R. Biochemical and antigenic rela-
tionships between porcine and equine isolates of Actinobacillus
suis. Vet Microbiol 1996;51:393-396.

Van Ostaaijen ], Frey ], Rosendal S, MacInnes JI. Actinobacillus
suis strains isolated from healthy and diseased swine are clonal
and carry apxICABD . and apxIICA toxin genes. J Clin
Microbiol 1997;35:1131-1137.

Slavi¢ B, Toffner TL, Monteiro MA, Michael F, Perry MB,
Maclnnes JI. Prevalence of Actinobacillus suis lipopolysaccharide
types. 48th Ann Conf Can Soc Microbiol [Abstract]. Guelph,
1998:81.

Lindberg B, McPherson J. Studies on the chemistry of lichens: the
structure of pustulan. Acta Chem Scand 1954;8:985-988.

Mio T, Yamada-Okabe T, Yabe T, Nakajima T, Arisawa M,
Yamada-Okabe H. Isolation of the Candida albicans homologs of
Saccharomyces cerevisite KRE6 and SKN1: expression and phys-
iological function. ] Bacteriol 1997;179:2363-2372.

Lussier M, Sdicu A-M, Shahinian S, Bussey H. The Candida
albicans KRE9 gene is required for cell wall B-1,6-glucan synthesis
and is essential for growth on glucose. Proc Natl Acad Sci
USA 1998;95:9825-9830.

Staats JJ, Feder I, Okwumabua O, Chengappa MM. Streptococcus
suis: past and present. Vet Res Commun 1997;21:381-383.
Cohen ], Abraham E. Microbiologic findings and correlations
with serum tumor necrosis factor-alpha in patients with severe
sepsis and septic shock. ] Infect Dis 1999;180:116-121.
Hansen DS, Mestre F, Alberti S, et al. Klebsiella pneumoniae
lipopolysaccharide O typing: revision of prototype strains and
O-group distribution among clinical isolates from different
sources and countries. ] Clin Microbiol 1999;37:56-62.

Furesz SE, Mallard BA, Bossé JT, Rosendal S, Wilkie BN,
Maclnnes JI. Antibody- and cell-mediated immune responses
of Actinobacillus pleuropneumoniae-infected and bacterin-
vaccinated pigs. Infect Immun 1997;65:358-365.

var. suis

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

MaclInnes JI, Rosendal S. Analysis of major antigens of
Haemophilus (Actinobacillus) pleuropneumoniae and related organ-
isms. Infect Immun 1987;55:1626-1634.

Nemeth J. A comparative study of virulence of bovine mastitis
and faecal Escherichia coli isolates [PhD dissertation]. Guelph
(Ontario). Univ. of Guelph, 1992.

Koch AL. Growth measurement. In: Gerhardt P, Murray RGE,
Costilov RN, et al, eds. Manual of methods for general bacte-
riology. Washington, DC: Am Soc Microbiol, 1981:179-207.
Bossé JT, Johnson RP, Nemec M, Rosendal S. Protective local and
systemic antibody responses of swine to an aerosol of
Actinobacillus pleuropneumoniae serotype 1. Infect Immun 1992;60:
479-484.

Taylor PW. Measurement of the bactericidal activity of serum.
In: Sussman M, ed. The virulence of Escherichia coli. London,
England: Academic Press Ltd., 1985:445-457.

Burns SM, Hull SI. Comparison of loss of serum resistance by
defined lipopolysaccharide mutants and an acapsular mutant
of uropathogenic Escherichia coli O75:K5. Infect Immun
1998;66:4244-4253.

Edgington ES. Randomization tests. New York: Marcel Dekker,
Inc., 1980.

Mair NS, Randall CJ, Thomas GW, Harbourne JF, McCrea CT,
Cowl KP. Actinobacillus suis infection in pigs: a report of four
outbreaks and two sporadic cases. ] Comp Path 1974;84:113-119.
Grossman N, Leive L. Complement activation via the alternative
pathway by pure Salmonella lipopolysaccharide is affected by its
structure not its O-antigen length. ] Immunol 1984;132:376-385.
Mutharia ML, Amor PA. Monoclonal antibodies against Vibrio
anguillarum O2 and Vibrio ordalii identify antigenic differences
in lipopolysaccharide O-antigens. FEMS Microbiol Lett 1994;123:
289-298.

Leying H, Suerbaum S, Kroll H-P, Stahl D, Opferkuch W. The
capsular polysaccharide is a major determinant of serum resist-
ance in K-1-positive blood culture isolates of Escherichia coli.
Infect Immun 1990;58:222-227.

Russo TA, Moffitt MC, Hammer CH, Frank MM. TnphoA-
mediated disruption of K54 capsular polysaccharide genes in
Escherichia coli confers serum sensitivity. Infect Inmun 1993;
61:3578-3582.

Rycroft AN, Cullen JM. Complement resistance in Actinobacillus
(Haemophilus) pleuropneumoniae infection in swine. Am ] Vet Res
1990;51:1449-1453.

Ward C, Inzana TJ. Resistance of Actinobacillus pleuropneumoniae
to bactericidal antibody and complement is mediated by capsular
polysaccharide and blocking antibody specific for lipopolysac-
charide. ] Immunol 1994;153:2110-2121.

The Canadian Journal of Veterinary Research 87



